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To determine the association between ultrasonographic (US) and anatomopathologic
ﬁndings, an US examination was performed postmortem on the fetlock and associated
structures of 37 equine forelimb specimens. All these specimens exhibited images sug-
gestive of lesions on the ultrasound examination. Subsequently, these limbs were dissected
and underwent an anatomopathologic study. Ultrasonographic changes in size, shape,
architecture, and echogenicity of ligaments, tendons, joint capsule, articular cartilage, and
bony surfaces of the metacarpophalangeal joint were associated with the anatomopa-
thologic ﬁndings.
 2014 Elsevier Inc. All rights reserved.1. Introduction
Functionally, the metacarpophalangeal (MCP) joint
displays high mobility, which is necessary during the
locomotion of sport horses, and, consequently, a frequent
site of pain causing lameness [1]. The MCP joint is char-
acterized as an impact, energy storage, and stabilizer sys-
tem for the distal limb [2]. The joint’s anatomy is relatively
simple in comparison with the more complex anatomy of
hock or stiﬂe joints, and the lack of periarticular muscles
makes the region easily accessible for ultrasonographic
(US) imaging [1].
Ultrasonography of the palmar and/or plantar aspect of
the fetlock is indicated when there are physical signs
(distension of the digital sheath and thickening of thede La Côrte, PhD,
versidade Federal de
.
.D. de La Côrte).
. All rights reserved.palmar and/or plantar proﬁle), concurrent soft tissue
lesions distal to metacarpal (McIII) and/or metatarsal
tendinopathy, suspensory distal branch injuries, or MCP
arthropathy [3]. The primary limitations of US of the MCP
joint are the lack of imaging of the deep bone and prox-
imopalmar articular surface of the third McIII condyle [4].
The present study aims to describe the US changes
observed for the MCP joint of 37 forelimbs and compare
them with their respective anatomopathologic ﬁndings.
2. Materials and Methods
At a slaughterhouse in southern Brazil, 37 forelimbs
were selected for this study because they presented
physical changes at inspection and palpation, such as
deformation of the dorsal proﬁle of the MCP joint and
digital ﬂexor tendon sheath distension and thickening of
the suspensory ligament (SL) branches and ﬂexor ten-
dons. It is important to note that no medical history of
the horses was obtained. Only the physical changes of the
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group was the contralateral limbs to the 37 forelimbs
selected, which did not present with physical and US
changes.
To enhance water absorption by the skin tissues and
enable better propagation of the ultrasound waves, the
routine preparation consisted of clipping the hair and
soaking the area to be scanned with tepid water. Acoustic
coupling gel was subsequently applied to the skin, and
with the help of an assistant, the MCP joints were scanned
with the limb vertically positioned and sitting on the
ground. Transverse and longitudinal images were pro-
duced using palmar and/or dorsal and lateral and/or
medial palmar oblique approaches, as described by Denoix
et al [1]. Ultrasound scans were produced with a portable
machine, a Mindray 2200 equipped with a 7.5-MHz linear
and 10-MHz sector transducers. A handheld stand-off pad
was used to enhance the contact with the palmar, dorsal,
lateral, and medial surfaces of the MCP joint. The ultra-
sound images were classiﬁed as abnormal or suggestive of
abnormalities, as described by Denoix et al [1], in com-
parison with the contralateral forelimb that was always
examined. On the dorsal surface of the MCP joint, ultra-
sound transverse images were obtained to evaluate the
third McIII condyle. The fetlock was ﬂexed only when
imaging the distal surface of the McIII condyle to obtain
access to the articular cartilage. On the lateral and/or
medial surfaces, transverse and longitudinal images were
obtained to scan the collateral ligaments (CL) of the MCP
joint. At the level of the proximal sesamoid bones, trans-
verse and longitudinal images of the SL branches were
performed. On the palmar surface of the MCP joint,
transverse and longitudinal images were produced. For
the transverse imaging, the transducer was oriented
laterally and medially to obtain images of the palmar
annular ligament (PAL) insertion. The transducer wasTable 1
Association of ultrasonographic images with macroscopic and histologic ﬁnding
Echogenicity Macroscopically
Suspensory ligament
Diffuse hypoechogenicity Hemorrhagic inﬁltration
Hyperechogenicity White to yellow nodular tis
Superﬁcial digital ﬂexor tendon (SDFT)
Focal hypoechogenicity Dark yellow zones
Hyperechogenicity White to dark yellow zones
Deep digital ﬂexor tendon
Diffuse hypoechogenicity Hemorrhagic inﬁltration
Focal hypoechogenicity Red to dark yellow zones
Palmar annular ligament
Hyperechogenicity Thickened areas/hard consi
adherences to SDFT













changes in the articular cartilage
Enlarged/hard consistency/
yellowish white or pale yelmoved up and down to obtain off-incidence images,
facilitating the visualization of abnormal ﬁnding areas on
the ﬂexor tendons.
Structural changes in size, shape, architecture, and
echogenicity identiﬁed on the MCP joints were docu-
mented. Thereafter, the structures visualized on ultra-
sound were dissected and subjected to a systematic
macroscopic study. Changes in size, shape, consistency,
color, and presence of adhesions were observed [5]. Gross
lesions were photographed, collected, and ﬁxed in 10%
buffered formalin for a period of 14 days. The soft tissue
samples were then routinely processed for histopathology.
Sections were prepared (3 mm) and stained by hematox-
ylin and eosin and Alcian blue (using selected sections to
better demonstrate cartilaginous tissue). After ﬁxation,
bone tissue samples were decalciﬁed in a formic acid–
sodium citrate aqueous solution and routinely processed
for histopathology.
The histologic ﬁndings were analyzed and subse-
quently compared with their US and macroscopic coun-
terparts, with their relationships being established when
possible.
3. Results
Of the 37 forelimbs evaluated, 54 abnormal structures
were identiﬁed on US images and conﬁrmed by anatomo-
pathologic examination. The ﬁndings were divided into
categories according to the anatomic structure or tissue
affected. These categories included joint capsule (n ¼ 14),
articular cartilage of the McIII condyle and proximal sesa-
moid bones (n ¼ 8), superﬁcial digital ﬂexor tendon (SDFT)
and deep digital ﬂexor tendon (DDFT) (n ¼ 13), and SL
branches, CL of the MCP joint, PAL, and palmar ligament
(PL) (n ¼ 19). The main ﬁndings are summarized in Table 1
and will be described in the following sections.s in 37 postmortem cases analyzed in this study.
Histology
Fascicles hypertrophy






inﬂammation/necrotic and hemorrhagic areas
stency/ Moderate multifocal ﬁbrosis/cartilaginous metaplasia
dark red Lymphohistioplasmacytic and neutrophilic
inﬂammation/focal extensive severe ﬁbrosis
s/
ne
Focally extensive severe ﬁbrillation and eburnation
ves/ Focally extensive moderate ﬁbrillation
low
Multifocal hyperplasia of synoviocytes. One case of
cartilaginous metaplasia
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Joint capsule injuries were detected in seven forelimbs.
In all of them, the US transverse image was enlarged and
accompanied by changes in the dorsal articular cartilage of
the McIII condyle. The gross ﬁndings included a yellowish–
white or pale yellow color and enlargement of the joint
capsule of hard consistency, with a reddish synovial pad.
Histologically, there were multifocal areas of mild hyper-
plasia of synoviocytes in some cases. One joint had an
extensive area of cartilaginous metaplasia of the ﬁbrous
capsule. Only one case had a hypoechogenic medial zone
on the transverse image, which corresponded macroscop-
ically to a hardened nodular structure and a reddish
synovial pad. Microscopically, there was multifocal lym-
phoplasmacytic and neutrophilic synovitis. ChangesFig. 1. Medial is the left, and lateral is the right. Articular cartilage changes of the th
cartilage of the dorsal part of the McIII condyle, represented by anechoic space, is sev
surface. There is a discontinuity zone of the McIII parasagittal lateral intermediate
section. A mineralized fragment of Alcian blue-positive hyaline cartilage (arrow). Ba
bone associated with a dark red color and strong presence of linear grooves in the M
the articular cartilage surface (arrow). (E) Longitudinal section. Focally extensive sev
(arrow). Stained with hematoxylin and eosin. Bar ¼ 100 mm.observed for eight forelimbs were considered anatomic
variations, as they had increased in size on the transverse
images of the joint capsule in comparison with the
contralateral joint but without echogenicity or histologic
changes.
The cartilage injury of theMCP joint, characterized by an
anechoic space, was severely reduced and displayed severe
irregularity in the subchondral McIII bone surface on the
transverse images of two forelimb specimens. Only this
joint had a hyperechogenicity and a discontinuity zone of
the McIII parasagittal lateral intermediate ridge that cor-
responded to the presence of a mineralized fragment
adhered to the capsule (Fig. 1A). This fragment was Alcian
blue-positive hyaline cartilage on histologic examination
(Fig. 1B). The synovial pad was also reddish and signiﬁ-
cantly enlarged. It was diagnosed histologically as a mildird metacarpal (McIII) condyle. (A) Transverse ultrasound scan. The articular
erely decreased with severe irregularity in the subchondral metacarpal bone
ridge that corresponds to a mineralized fragment (asterisk). (B) Transverse
r ¼ 100 mm. (C) Loss of the articular cartilage with exposure of subchondral
cIII (asterisk). (D) Longitudinal section. Focally extensive severe ﬁbrillation of
ere eburnation of the articular cartilage. Only the subchondral bone is shown
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The loss of the articular cartilage with exposure of the
subchondral bone associated with a dark red color and
strong presence of linear grooves in the McIII condyle was
identiﬁed grossly in this case (Fig.1C). Histologically, focally
extensive severe ﬁbrillation (Fig. 1D) and eburnation
(Fig. 1E) of the articular cartilage were found. Grossly, in
other case, a light red color with strong linear grooves in
the McIII condyle was observed, but there was no exposure
of the subchondral bone and no differences observed by US
in relation to the eburnation. Histologically, focally exten-
sive severe ﬁbrillationwas also found, but eburnation of the
articular cartilage was not found. Focally extensive mod-
erate ﬁbrillation was identiﬁed in the four forelimbs char-
acterized by echogenic lines parallel to the subchondral
bone surface, which were located in an anechoic space, but
not severely reduced on US examination and corresponded
macroscopically to moderate cartilaginous grooves or
yellowish–pink irregularities.
3.2. Ligaments and Tendons
Collateral ligament desmopathies (superﬁcial part) of
the MCP joint were identiﬁed in three forelimbs and char-
acterized by enlargement of the ligament and the joint
capsule in the longitudinal US images. Grossly, the CL of the
MCP joint was enlarged compared with the contralateral
limb. Histologically, there was focal mild bone metaplasia.
In one case, bone surface irregularities, articular enthesio-
phytes accompanied with enlargement of the CLFig. 2. Medial is the left, and lateral is the right. Cartilaginous metaplasia of the susp
hyperechogenic zone is observed in the distal portion of the ligament (arrow). Note t
and poor demarcation border of the SL lateral branch (arrow). (B) The lateral bra
transverse section, there is a central white translucent zone (arrow). (C) Transverse
tissue is present. Stained with hematoxylin and eosin (H&E). Bar ¼ 100 mm. (D) Hi(superﬁcial part) of the MCP joint, were identiﬁed and
histologically characterized by multifocal mild collagenol-
ysis and focally extensive cartilaginous metaplasia.
Suspensory ligament branch desmopathies were
observed on three forelimbs and consisted of an enlarge-
ment of the ligament and changes of echogenicity. Hypo-
echogenic zones, poor differentiation margins, and lack of
ﬁber parallelismwere identiﬁed on two forelimbs in the US
transverse images. Grossly, these zones corresponded to
red areas and enlargement of the ligament. Histologically,
there was hypertrophy of the fascicles of dense connective
tissue. In one case, hyperechogenic zones were identiﬁed
accompanied by an irregular bone surface of the lateral
proximal sesamoid bone (Fig. 2A). Grossly, the SL branch
was surrounded by white ﬁbrous tissue and on the trans-
verse image of the ligament, and it also had a central white
translucent zone (Fig. 2B); histologically, a multifocal
severe cartilaginous metaplasia of the dense connective
tissue was identiﬁed (Figs. 2C and 2D). Desmopathies
affected only one of either branch (lateral or medial) of the
SL in this study.
The PAL, as represented by the anechogenic space
located palmarly to the SDFT, was enlarged in the trans-
verse image, medially and laterally, at the insertion of the
proximal sesamoid bones in seven forelimbs. In addition,
the echogenic space between PAL and skin, composed of
loose connective tissue, was also enlarged (Fig. 3A). Grossly,
thickened areas of hard consistency and adhesions
between PAL and SDFTwere observed and displayed yellow
pigmentation on the dorsal view of the ligament, in closeensory ligament (SL) lateral branch. (A) Transverse ultrasound scan. A round
he irregular bone surface of the lateral proximal sesamoid bone and enlarged
nch of the SL is surrounded by white ﬁbrous tissue (asterisk), and on the
section. Multifocal severe cartilaginous metaplasia of the dense connective
gher magniﬁcation of part C (arrow). Stained with H&E. Bar ¼ 20 mm.
Fig. 3. Medial is the left, and lateral is the right. Adhesions between the palmar annular ligament (PAL) and the superﬁcial digital ﬂexor tendon (SDFT). (A)
Transverse ultrasound scans. The PAL is represented by the anechogenic space located palmar to SDFT. The PAL was thickened (arrow). (B) Multifocal areas of
adhesions are observed between the PAL and SDFT (asterisk). (C) Longitudinal section. The PAL is on the right, and the adhesion with the SDFT is on the left side
(asterisk). Stained with hematoxylin and eosin. Bar ¼ 100 mm.
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characterized by moderate multifocal ﬁbrosis with abun-
dant vascularization. Collagenolysis and multifocal mod-
erate cartilaginous metaplasia of the dense connective
tissue and focally extensive areas of ﬁbrosis were observed
(Fig. 3C). In only one case, the ligament was strongly
adhered to its length, and the color varied from yellow to
dark red. Histologically, this limb had lymphohistio-
plasmacytic desmitis with focally extensive severe ﬁbrosis.
Injuries of the SDFT in the US transverse images were
identiﬁed in two forelimbs and consisted of enlargement
associated with poor delineation of the lateral edge.
Grossly, in both cases, the tendon was enlarged. Histologi-
cally, the injury corresponded multifocal cartilaginous
metaplasia and areas of collagenolysis. Changes of echo-
genicity with diffuse hypoechogenic zones and irregularity
of the medial margin accompanied by asymmetry of the
tendon were observed in one forelimb. Grossly, there were
dark yellow soft areas corresponding histologically to
lymphohistioplasmacytic tendinitis with focally extensive
severe ﬁbrosis.
Deep digital ﬂexor tendon tendinopathies in the US
transverse images were found on four forelimbs and were
characterized by central hypoechogenic zones and irregu-
larity margins. Macroscopically, they corresponded to
hemorrhagic inﬁltration and enlargement of the peri-
tendon and endotendon ﬁbers, and asymmetry andmarked
ridges were observed on the palmar surface of the DDFT in
contact with the SDFT. Histologically, mild and moderate
multifocal ﬁbroplasia, collagenolysis, and cartilaginous
metaplasia of the endotendon and peritendon were
observed. In one case, severe tendinitis of the DDFT was
identiﬁed, consisting of poor delineation of the margins,enlargement, and asymmetric shape, with well-deﬁned
diffuse hypoechogenic zones (Fig. 4A). The macroscopic
viewdisplayed soft consistency and red to dark yellowareas
(Fig. 4B) that corresponded histologically to multifocal
lymphohistioplasmacytic tendinitis with severe necrosis,
hemorrhage, and ﬁbrosis (Fig. 4C).
Only one case had PL changes where the space between
the sesamoid bones was ultrasonographically enlarged and
hyperechogenic. Grossly, this ligament was white–yellow
with ﬁber irregularity. Histologically, moderate multifocal
collagenolysis was associated with moderate cartilaginous
metaplasia.
3.3. Proximal Sesamoid Bones
Only one case had irregularities on the palmar surface.
The macroscopic ﬁndings on these structures were white to
pink grooves on the palmar surface; the dorsal surface of the
proximal sesamoid bones had necrotic dark red zones, and
microscopically, there were severe periosteal hemorrhages.
4. Discussion
In this study, the selection criteria of the forelimb
specimens submitted to ultrasound examination were
different from those applied in clinical routine workup. The
selection was based on the detection of changes by in-
spection and palpation of the fetlocks after slaughter and
not by lameness problems. Certainly, wemight havemissed
forelimb injuries unapparent to palpation and that perhaps
could have been responsible for locomotor problems.
Similarly, we may have selected forelimbs with injuries but
without clinical manifestations. Denoix et al [5] reported
Fig. 4. Changes in “proximal scutum.” (A) Transverse ultrasound scan. The palmar annular ligament (PAL) is represented by the anechogenic space increase in
size (arrow). There are irregular hypoechogenic zones present, along with an increase in volume and asymmetry of the superﬁcial digital ﬂexor tendon (SDFT)
(asterisk). Changes of delineation of the edges, increased size and asymmetric shape, with well-deﬁned hypoechogenic zones of the deep digital ﬂexor tendon
(DDFT) (asterisk). Irregularities of the proximal sesamoid bone surface (asterisk). (B) Both SDFT and DDFT have dark yellow soft areas randomly distributed
(asterisk). (C) Longitudinal section. Multifocal lymphohistioplasmacytic inﬁltration with ﬁbrosis of the DDFT (asterisk). Stained with hematoxylin and eosin.
Bar ¼ 100 mm.
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appearance of necrotic tissue, angiomatous or edematous
tissue, and the presence of hemorrhagic inﬁltrates, which
present little signiﬁcant inﬂuence in the production of
musculoskeletal problems. However, ﬁbroplasia has sig-
niﬁcant inﬂuence. Such ﬁndings as cartilaginous meta-
plasia and whitish gelatinous tissue may indicate defects in
the elasticity of tendons and ligaments. Some of these
ﬁndings were also observed in our gross and microscopic
study. However, the clinical signiﬁcance could not be
determined in our cases. The US examination had the
advantage of being fast, demonstrative, and low cost. In this
study, US was the reference method used in comparison
with the anatomopathologic ﬁndings, which contributes to
consistent morphologic and histologic information. The
identiﬁed lesions were found to be of traumatic, degener-
ative, chronic, and, in one case, possibly of septic origin.
There are three limitations that need to be acknowl-
edged regarding the present study. First, the selection of
the age range of the horses suffered a bias because the older
animals were more likely to be sent to slaughter. Second,
the level and discipline at which those horses performed
were unknown. Third, it was not known if they had clinical
signs associated with musculoskeletal problems.
Abnormal US ﬁndings of the joint capsule include
modiﬁcations in size (increase) and echogenicity and bone
insertion alterations of the MCP joint on the transverse and
longitudinal images [6]. The gross abnormal ﬁndings of the
joint capsule detected in this study consisted of enlarge-
ment of the joint capsule, reddening and thickening of the
synovial pad, and were accompanied by articular cartilagelesions. Most likely, the injuries were the result of repeated
trauma in the joint and may have been accompanied by
synovial inﬂammation as well [7]. According to Santschi
[8], synovial changes resulting from continued inﬂamma-
tion include hyperplasia and ﬁbrosis. Occasionally, MCP
synovial pad proliferation is characterized histologically by
ﬁbrous proliferation, collagenolysis, increased vascularity,
and cartilaginous metaplasia [9]. Mild synoviocyte
hyperplasia and subsynovial congestion were occasionally
observed. Pool [10] mentioned that, microscopically, when
synoviocytes appear, hypertrophic different numbers of
lymphocytes, plasma cells, and macrophages may be pre-
sent. Islands of synoviocyte metaplasia may form nodules
of cartilage tissue, known as synovial chondromas [10].
However, these islands were not observed in this study;
cartilaginous metaplasia was observed inside the ﬁbrous
capsule and not in the synovial pad.
Linear cartilaginous erosions, such as the ones
observed on the McIII condyle, induce an irregular carti-
lage surface in the transverse image. Cartilage degenera-
tion induces local or diffuse thinning of the articular
cartilage [11]. Histologic examination of the articular
cartilage in two of the study cases revealed areas of
degeneration (ﬁbrillation) of the articular cartilage and
areas of loss of the cartilage, with exposure of subchondral
bone (eburnation). Ultrasound imaging is very effective for
identifying articular cartilage lesions [20], including the
macroscopically discrete abnormalities [1]. An advanced
degree of cartilage degeneration is indicated by ﬁbrillation
and eburnation due to total or progressive loss of articular
cartilage layers that appeared as the absence of an
G. De Bastiani et al. / Journal of Equine Veterinary Science 34 (2014) 1218–12251224echogenic space adjacent to the subchondral bone at the
ultrasound images.
Angular deviation of the forelimbs may predispose the
limbs to an overload of compressive forces to the joint and
increase tension on the CL [12], predisposing them to
thickening. It is possible that this occurred in three horses
of this study because the medial or lateral CL of the MCP
joint were enlarged, but the echogenicity was normal, and
no enthesiophytes were observed on the joint. On the other
hand, in one case, enlarged lateral CL of the MCP joint was
found, also with normal echogenicity. These ﬁndings are
accompanied by bone lesions such as irregular bone sur-
faces, enthesiophytes production, and histologic changes,
in accordance with Denoix [11].
Hypoechogenic zones visible in the center of the SL
branches and reduced regularity of the US image pattern
were observed in two cases that would be compatible with
hemorrhagic inﬁltration and edema. Ultrasonography
ﬁndings consisted of enlargement of the SL branches,
increased echogenicity, discrete hypoechogenic lesions,
and a poor image pattern in agreement with Mero and Pool
[15]. According to Halper et al [14], affections of the SL
branches contained white ﬁbrous tissue. The histopatho-
logic ﬁndings consisted of cartilage or calciﬁcations
dispersed among collagen ﬁbers and cartilaginous meta-
plasia. The presence of cartilaginous metaplasia was char-
acterized by degenerative SL desmopathies. Mero and Pool
[15] examined histologic transverse images of the distal
body of the SL branches that had degenerative SL desmitis,
characterized by degeneration and swelling of collagen
bundles. In this study, histologic changes of the hyper-
echogenic zones of the SL branches consisted of the chon-
drocyte islands with severe cartilaginous metaplasia of the
dense connective tissue. Hypoechogenic zones corre-
sponded to hypertrophy of the fascicles of dense connective
tissue in this study.
The PAL lies immediately beneath the skin and subcu-
taneous tissue. It is a very thin ﬁbrous structure stretched
across the palmar aspect of the SDFT. The PAL thickness is
better assessed parasagitally on transverse image, where its
low echogenicity differentiates it from the surrounding
structures [13]. Nevertheless, the thickness of PAL can be
measured, and this hypoechogenic representation helps
the identiﬁcation of this structure [20]. Ultrasonography is
effective in outlining soft tissue abnormalities, such as
thickening of the synovial membrane and adhesions be-
tween SDFT and PAL [16]. The healing process results in
ﬁbrous thickening of the SDFT and/or the PAL [2]. Subcu-
taneous ﬁbrosis is visible as a band of echogenic material
between the skin and the PAL. The presence of ﬁbrosis in
association with PAL thickening may increase the pressure
exerted on the contents of the fetlock canal and has a sig-
niﬁcant negative effect on prognosis [19]. According to
Owen et al [19], abnormalities of the PAL include irregular
collagen bundle alignment, varying amounts of ﬁbroplasia,
and variable lymphocyte and granulocyte inﬁltration.
Effusion, thickening of the synovial sheath, and adhesions
with concurrent lesions of PAL have been described as US
ﬁndings indicative of tenosynovitis [17]. In chronic teno-
synovitis of the digital tendon sheath, PAL undergoes a
certain amount of elongation because of the markedchronic ﬂuid pressure [13]. Tenosynovitis was histologically
characterized by focally extensive severe ﬁbrosis of the PAL
and the SDFT. Concurrent with the lesions, the DDFT severe
necrosis, hemorrhage, and ﬁbrosis accompanied by
multifocal lymphohistioplasmacytic tendinitis and perios-
teal hemorrhages of the proximal sesamoid bones were
observed.
Ultrasonographic evaluation of the PL is based on the
same criteria such as size, shape, echogenicity, and bone
surface irregularities, in accordance with Denoix [3].
Palmar ligament desmitis, in many instances, is initiated by
an infection but can also be initiated by trauma [18]. His-
tologic changes of the PL found in this study consisted of
moderate multifocal collagenolysis and were associated
with moderate cartilaginous metaplasia compatible with
desmopathy.
5. Conclusions
This study enabled the establishment of associations
among US, gross, and histologic ﬁndings. The use of ultra-
sound of theMCP joint (which was later conﬁrmed by gross
and histologic examination) was particularly advantageous
for detecting osteoarticular changes (ﬁbrillation and ebur-
nation of the articular cartilage), tendinitis, and cartilagi-
nous metaplasia of ligaments.References
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